Abstract. Map images are composed of semantic layers depicted in arbitrary color. Layer extraction and removal is often needed for improving readability as well as for further processing. When image is separated into the set of layers with respect to the colors, it results in appearance of severe artifacts because of the layer overlapping. In this way the extracted layers differ from the semantic data, which affects further map image processing analysis tasks. In this work, we introduce techniques for extraction and removal of the semantic layers from the map images. The techniques utilize low-complexity morphological image restoration algorithms. The restoration provides good quality of the reconstructed layers, and alleviates the affect of artifacts on the precision of image analysis tasks.
Introduction
Nowadays, there exist various services delivering map imagery content on mobile devices. For example, map imaging applications provide user with a view of geographical map for the requested location. It could be also weather, traffic, pollution or any other kind of map. The imagery data is usually obtained from Digital Spatial Libraries [1] , and transmitted via wireless network to user's computer or mobile device such as pocket PC, PDA, mobile phone, or similar mobile terminals. Map images need typically only a few color tones but high spatial resolution for representing details such as roads, infrastructure and names of the places. Though maps could be stored in vector format, raster map image is more preferable on a client-side since it is easier to transmit and handle. Raster images are also often used for digital publishing on CD-ROM and in the web.
The map images consist of a set of semantic layers, each containing data with distinct semantic content such as roads, elevation lines, state boundaries, water areas, temperature distribution, wind directions, etc. Layers are combined and displayed to the user as a generated color image, which is usually produced as follows. First the layers with different semantic nature are combined together by overlapping each other in a predefined order. Then the layers are depicted on the map with appropriate color and finally are transmitted to a client in an image form. After image has been received, client has no knowledge about the initial layer structure.
For example, we consider the topographic images from the NLS topographic database, in particular basic map series 1:20,000 [2] . These images consist of the following semantic layers: Basic (roads, contours, labels and other topographic data), Elevation lines (thin lines representing elevations levels), Waters (solid regions and poly-lines representing water areas and ways), Fields (solid polygonal regions), see Figure 1 .
Though raster image is well suited for user observation, it cannot be easily used for further processing especially when semantic data is required. For example, when one needs to calculate the area of fields or e.g. the length of sea shore the semantic layer corresponding to the water or field areas must be obtained first. The layers can be extracted from the raster map image through color separation process. During this process, the map image is divided into binary layers each representing one color in the original image. The problem is that the separation introduces severe artifacts in places where one layer overlaps another, see Figure 2 . These artifacts make separated layer inappropriate for many image analysis tasks. In order to use corrupted layers in further processing a restoration technique should be designed.
Another task is to remove some irrelevant layer(s) from the map image. For example, a car driving user does not need elevation lines on a map. Their presence impairs map readability, which can be improved by the layer removal. Since elevation lines are drawn on the fields and waters, one must apply reconstruction to remove artifacts left by the removed layer.
Moreover, it has been shown that the best compression results for raster map image can be achieved if the image is decomposed into binary semantic layers, which are consequently compressed by the algorithm designed to handle binary data (e.g. JBIG) [3] . Color separation artifacts affect the statistical properties and consistency of the layers, and result in degraded compression performance. The approximation of the noise-corrupted image to the original is often achieved by using various noise removal techniques, image enhancement or statistical analysis [4] [5] [6] [7] [8] [9] [10] , These approaches are limited to a local neighborhood only, and cannot exploit non-local semantic properties of the image. Semantic approaches exploiting global properties of the image typically have high complexity and are suitable for very special kind of data e.g. thin line graphics or text [11] [12] [13] . Existing noise filtering and image enhancement algorithms could not be considered for our problem.
In this work we present two techniques for extraction and, correspondingly, removal of the semantic layers from raster map images using color separation process. The algorithms are based on the morphological restoration algorithms that attempt to recover the semantic layer structure from the separated color layer. The technique is applied for analysis of the semantic data as well as for (on demand) removal of irrelevant semantic content from the map image. The effect of the restoration is limited only to the areas which are degraded due to separation and would be overlapped with other layers during composition. Therefore the color image obtained using combination of the restored layers matches exactly the initial image without any degradation in the quality. Due to simplicity of morphological operations, the method is also fast and simple to implement on the modern mobile devices.
The rest of the paper is organized as follows. Mathematical morphology is briefly introduced in Section 2. Then in Section 3, we introduce new filtering method for layer extraction, and then apply it for layer removal in Section 4. Empirical results are reported in Section 5, and conclusions drawn in Section 6.
Mathematical Morphology Fundamentals
Mathematical morphology [13] refers to a branch of nonlinear image processing and analysis originally introduced by Georges Matheron [14] and Jean Serra [15] . In mathematical morphology, the binary image space E is defined as E = Z² (the space of all possible image pixel locations), and the binary image X as a set X E ⊆ . The main principle of mathematical morphology is to analyze geometrical and topological structure of an image X by "probing" the image with another small set A E ⊆ called a structuring element. The choice of the appropriate structuring element depends on the particular application. Let us define the dilation of X by A, denoted by δA(X), as an operator on P(E) such as:
The erosion of X by A, denoted by ε A (X), is consequently: 
The operator ( ) , X A n ρ sets current pixel to be foreground if the amount of foreground pixels in a neighborhood defined by the structuring element is greater than n. Otherwise the pixel is defined as a background pixel. Since rank operator performs similar to erosion or dilation depending on the value of the rank parameter, it is possible to treat the rank as soft counterpart of classical erosion and dilation operators. In particular
Sometimes it is important to restrict the area where operator could be applied. This can be accomplished by using conditional operators: if image A is a subset of image M, then for any operator ( )
conditional relative to mask image M and is defined as follows:
Layer Extraction
When original semantic data is unavailable, the task of restoration leaves a lot of freedom for algorithm designer as one can only guess the initial layer structure. The only restriction we have is that the composition of reconstructed layers would be identical to the initial color map. In other words, we can modify the value of the pixels in the layers only if the same pixel value is set in one of the higher priority (overlapping) layers. This means that the change of the pixel value will be seen only in the particular layer, but not in the color image corresponding to the reconstructed layers.
Algorithm Structure
The algorithm consists of three principal steps: decomposition, mask creation and layer restoration, as outlined in Figure 2 . At the first step, the color map image (scanned or obtained from the third party source) is decomposed into a set of binary layers by color separation process. This is done so that each layer represents one color in the original image [3] . On the second step, we define a mask -an area where reconstruction could be performed restricting the reconstruction of the layers to be equal to the original color image. Finally, the layer is extracted and restored using the proposed restoration algorithm. Further we describe in details second and third steps of the algorithm.
Mask Construction
The conditioning mask defines the set of pixels that are allowed to change in the restoration so that the combination of the restored layers would be kept untouched. Since we have assumed that the order of layer overlapping is predefined, the mask for every layer will be a union of all upper-laying layers, see Figure 3 . All modifications made to the pixels within the mask area will be overlapped when the combined color image is represented to the user. Depending on the particular case, it is possible to simplify the mask structure by taking into account the nature of the objects represented on the map. For example, we can expect that Waters and Field layers cannot overlap in real-ity, and therefore, could not overlap on a combined map image. When implementing, we can exclude these layers from the conditioning mask (see Figure 4 ). 
Layer Restoration
We reconstruct layer iteratively. With every iteration, the object areas spread within the mask, and then the mask area shrinks. The spreading is performed by dilation operator δA(X) and mask shrinking by erosion operator εA(X). The pseudo-code of the layer restoration algorithm is shown in Figure 5 , and its diagram is outlined in Figure  6 . The stepwise process of the iterations is illustrated in Figure 7 .
UNTIL Iteration criterion met Step-by-step illustration of the dilation with mask erosion. Pixels of the processed object are marked in black, whereas the pixels belonging to the mask -in gray
The iterative process is controlled by a stopping criterion. We have investigated two approaches: Iterate until stability and Iterate fixed amount of times. The first approach assumes that the iterative process will continue until the layer (and mask) converges. The convergence is guaranteed because the erosion sequentially decreases the mask, see Figure 7 . We can therefore perform the iterations until the mask equals to the layer itself.
Examination if the mask and layer are equal could be a time consuming operation, especially if the image size is big. To avoid this, we consider the second approach assuming that most of the artifacts being of limited size. Therefore it is sufficient to perform a predefined (small) number of iterations to complete the restoration process. For example, if we suppose that the size of an artifact is less than 4 pixels, on average, only 3 iterations with 3×3 block are needed.
As with the conditional closing, an important question is the choice of an appropriate structuring element. There are two structuring elements used in the algorithm. By varying the element used for dilation we can control how fast the object expands over the mask, while varying the element used for erosion we control how fast the mask shrinks. An essential matter is the relationship between the dilation and erosion speeds. Let A be the structuring element of dilation and B be the structuring element of erosion. In our investigations, we have tested three cases: objects dilating faster than mask eroding (A = block 3×3 , B = cross 3×3 ), objects dilating slower than mask eroding: (A = cross 3×3 , B = block 3×3 ) , and the case of equal speed (A = block 3×3 , B = block 3×3 
Layer Removal
The task of layer removal arises when less important layers are needless to the map user, e.g. user driving a car does not need elevation lines. In order to remove a layer, the restoration technique described in Section 3 is first applied to all underlying layers in order of overlapping. Then the restored layers except the removed one are composed into the color image, see Figure 9 . The most important criterion here is the quality of the restoration -how closely the restored layer approximates the semantic data. Moreover, in interactive applications the visual appearance of the reconstructed layer becomes essential. Figure 8 illustrates the effect of the successive removal of Elevation, Basic and Water layers.
Evaluation
The restoration technique has been evaluated on a set of topographic color-palette map images. These images were decomposed into binary layers with distinctive semantic meaning identified by the pixel color on the map. The restoration algorithm has been applied for reconstruction of these semantic layers after the map decomposition process. Both the combined color map images and the binary semantic layers composing these color map images were originally available for testing. This gave us a possibility to compare restored images with their original undistorted counterparts.
The test set consists of five randomly chosen images from the "NLS Basic Map Series 1:20000" corresponding to the map sheets No. 431306, 201401, 263112, and 431204. Each image has dimension 5000×5000 pixels and corresponds to 10×10 km area. Images are composed of four semantic layers:
• Basic -buildings, protected sites, benchmarks and administrative boundaries;
• Elevation -elevation lines;
• Water -lakes, rivers, swamps, water streams;
• Fields -agricultural areas.
In the following we evaluate the proposed technique by estimating the restoration quality using image similarity measurement, area measurement and length of the sea shore. For image similarity we consider Normalized Mean Absolute Error (NMAE), which is a Hamming Distance between images computing the average number of different pixel values. In our context, we compare the original (not affected by decomposition) semantic layers and the layers restored using the proposed technique:
where H and W are image dimensions. We measure NMAE difference between reconstructed Waters and Fields layers and the original ones and show the improvement comparing to the corrupted layers. We present obtained NMAE difference for every layer separately in total within the test set (see Figure 10 ). In the following, we compare area measured over the original layer with one measured over reconstructed and corrupted layer. The results are presented for Waters and Fields layers separately on average within the test set, see Table 1 . Reconstruction reduces the error of the area measurement from near 15-20% to just about 1%. The length of the sea shore is measured as the length of object borders in Waters layer. Results -the length and error over original, corrupted and reconstructed layer are represented in Table 2 . Reconstruction reduces the error of shore length calculation from 37% to 1%. 
Conclusions
A technique for the extraction and removal of semantic layers from map imagery data has been proposed. The extracted semantic data can be further used for various image analyzing and processing tasks (e.g. area measurement); whereas the layer removal is useful for removing unwanted data from map images due to various reasons (e.g. view cluttering). The proposed technique is based on the separation of the raster map image into color layers and subsequent elimination of the artifacts caused by the color separation process. The iterative restoration algorithm based on the conditional morphological operators is designed for layer reconstruction. The performance of the proposed technique is evaluated qualitatively by comparing the reconstructed layers with the native semantic data, and quantitatively by using standard image analysis tasks. Quality evaluation demonstrates that restoration algorithm can efficiently approximate the map layers. When properly tuned, the algorithm reduces the error in such image analyzing applications as area measurement from 15-20% to about 1%. The reconstructed layers have lesser entropy and can substitute for the color layers in map data storage without any loss of quality. It is possible because the restoration is limited to the area of the images that are overlapped by other layers. Therefore the color raster map image can be obtained by the combination of the reconstructed layers and still remain absolutely identical to the initial non-processed map image.
